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ABSTRACT 
The contrast o f  ERTS 70nm posi t ive images can be enhanced t o  varying 
degrees by rephotographing the images w i t h  d i f ferent types o f  negative films, 
and by overdeveloping the f i lms with d i f ferent  developers. A combination of 
high-contrast copy f i l m  (Kodak 5069) and a high-energy developer (Kodak Doll) 
yields high contrast. S t i l l  greater contrast may be obtained by using a f i l m  
o f  higher contrast capabi l i ty  and a developer o f  higher energy capabil ity. 
Contrast can also be enhanced i n  the pr in t ing process with the use of high- 
contrast photographic papers, or  w i t h  the use o f  polycontrast photographic 
paper and f i l t e r s ,  
boundaries and may a id  in the objective measurement o f  topographic parameters. 
Contrast enhancement by photocopying del ineates topographic 
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2. INTRODUCTION AND PURPOSE 
The ERTS-A Project SR-131 concerns the occurrence and morphology of dunes 
i n  many a r i d  regions o f  the world, as interpreted from the appearance o f  these 
features on ERTS-1 imagery. 
"washed out" i n  the standard processing, dune patterns can often be more sharply 
del ineated on cont rast-enhanced pr in ts  made from contrast-enhanced negatives, 
which i n  turn are made from the standard ERTS 70am positives. The boundaries 
between the l ee  and windward slopes o f  individual dunes are better defined on 
pr in ts  made from contrast-enhanced negatives than on the or ig ina l  ERTS posi- 
tives. Sharper contrast aids i n  the recognition o f  eolian dunes, and i t  i s  
hoped that i t  w i l l  also a id  In the measurement o f  t he i r  morphologic parameters. 
Because sand features on ERTS images are sometimes 
3. PROCEDURE 
The ERTS positives were placed on a l i g h t  table which transmits a l i g h t  
intensi ty constant i n  both space and time (A Laser Sciences Inc. l i g h t  table, 
bkdel LT 630, was used i n  t h i s  study) and were rephotographed w i t h  negative 
f i l m .  An Asahi Pentax Spotmatic 35-ran single lens rel fex camera was used 
because i t  f i t t e d  ~ n v e n i e n t l y  i n to  the microscope holder o f  the 1 ight table. 
The camera was equ~pped 
closeup photography, 
* Publication a u t ~ r i z e d  by the Director, U.S. Geological Survey 
i t h  a 50-nun lens and hel icoidal extension tubes fo r  
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Increased by 2 f-stops, VI,  and V I  
respectlvely (as shown in tables 1 an 
oped by 50 percent. (Note: Information on developi 
i s  packaged with the f l l m  or  developer, If actual t 
oper d i f f e rs  from that recomnended, a 
t o  the f l l m  data sheet, or by use o f  
Kodak Darkroom Guide). Af ter  develo 
of the contrast-enhanced exposures w 
test r o l l ,  the best exposure was E r 
was representative o f  the degree o f  
obtained f o r  t h i s  part icular combfna 
ferent test  r o l l s  were s imi lar ly  exp 
developers (table 1). Panatomic X, 
5069 were overdeveloped with Kodak D 
results, s u m r i z e d  i n  table 1,  indi  
of fers the greatest contrast when o 
The same types o f  f i l m s  were a 
developed with a high-energy devela 
results are sumnarized i n  table 2. 
Table 3 combines the results o f  tables 1 s the re la t ive 
degree o f  contrast that exists between each f i 
i n  the f i r s t  two experiments. A printed photo 
each combination o f  developer and film type i s  
the increase i n  contrast from A t o  F. Figures 
t rast  enhancement i n  photographs printed from 
developed in Kodak D-11. 
on contrast grade 3 paper from Plus X, P a n a t ~ i c  
f i l m ,  respectively. 8tDa8 i s  also a p r i n t  made 
but i t  was printed on polyconrrast wl th a numb 
contrast. In a l l  f igures the Increase i n  cont 
In ftgure 2 there i s  an increase In the vTsfbl 
groundt1 (the whi te-splotched ground covering t 
In each figure, A, B, a 
must be less than 1/60 se 
he l i g h t  table. For f i lms 
greater, it may be necessary to use f f l t e rs  t o  
f o r  slow shutter speeds, Re r 
polarizing. The l a t t e r  f i l t e r  can reduce g la  the 
ERTS posi t ive in  place. 
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LOW 
a n t  ras t 
I 
High 
contrast 
bdak  F i  l a  Type 
Plus X Pan 
Panatomic X 
Plus X Pan 
Panatomic X 
H igh-cont rast 
COPY 5069 
High-contrast 
COPY 5069 
Deve 1 oper 
0-76 
0-76 
D-11 
D-11 
DK-50 
D-11 
Percent 
Over dev . 
50 
50 
62 
57 
30 
25 
Code le t te r  
in Fig. 1 
Table 3. 
developer types l t s ted  in  tables 1 and 2. Figure 1 shows variations i n  
contrast printed from enhanced negatives made from the combinations o f  
f i l m  and developer above. 
Order o f  contrast o f  the various combinatfons o f  f i l m  and 
and i n  the dunes i n  the lower l e f t  and center, from A t o  D. 
4 increases i n  contrast are not l imi ted t o  the size o f  the topographic features. 
Although the dunes i n  f igure 4 are very small, enhancement techniques employed 
here noticeably improve the i r  v fs fb i l t ty .  If further contrast i s  needed, f i lms 
with a higher contrast capability, as we11 as developers o f  higher energy, are 
available. 
or IBM copler) &I X 10" o r  larger pr in ts  of already contrast-enhanced ERTS 
negatives (fig. 5 ) .  
somewhat controlled by a simple form o f  density s l i c ing  (the adjustment of 
the l ight-dark copy control on the photocopying machine being used). 
many instances, th is  process further del lneates the boundaries o f  topographic 
features and may simpl i fy the measurement o f  morphologic parameters ( i n  the 
case of ERTS-A SR-131, dune width, length, density, crest regularlty, and 
others (as defined by Harris, 1972, p. 29, 48). 
In  figures 3 and 
Further contrast enhancement may be obtained by photocopying (on a Xerox 
The topographic features desired t o  be enhanced can be 
In 
4. CONCLUS IONS 
The contrast o f  ERTS posi t ive images can be enhanced t o  varying degrees 
by rephotographing the images with d i f ferent  types o f  negative fllms, and by 
overdeveloping the f i lms with di f ferent developers. A combination o f  high- 
contrast copy f i l m  (Kodak 5069) and high-energy developer (Ibdak 0-11) gave 
the greatest contrast amng those tested. S t i l l  greater contrast i s  obtatn- 
able by using a f i l m  with greater contrast capabil i ty and a higher energy 
developer. Contrast can also be enhanced I n  the pr in t ing process; pr in ts  
can be made on higher contrast photogra h i c  a erSI (grade 5 or higher), or  
on polycontrast paper using the approprrate Fietero. 
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Another method of contrast enhancement is photocopying 8rs X 10" prints 
This further delineates topographic made from contrast-enhanced negatives. 
boundarfes and may simplify the objective measurement of morphologic para- 
mstcrs, 
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Figure 2. ERTS 107 5 ~ ~ 0 7 .  ~ ~ n t r a s t  using the 
p l  ana t ion. three f l l m  t y  ~verdeveioped In 
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A 
Flgurs 4. ERTS 1078-0 nt  Qf ERTS lmges using the 
three f i l m  types ov t for ~ p l a ~ ~ t I o n .  
A,  Plus X 
8, Pan X 
C ,  Hfgh-contrast co 
D, High-contrast CQ 
Location: Takia 
Nota the Incrca 
lower left cent 
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Figure 5- Contrast ~ n h a n c ~ e ~ t  of  ERTS 1 0 7 8 ~ ~ ~ 1 - 6  (shown i n  f i g .  41, by 
photocopying OR the 
8" X 10" photograph 
process further del ineat 
t of  morphologic parameters. 
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